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20 C) on leaf structure of Beta vulgaris L. cv. Univers. The obtained data are summarized as fol-
lows:
The maximum values of the most studied parameters; lower epidermis + spongy tissue thickness,
midrib, mesophyll tissue, vascular bundle, collenchymatous tissue and number of xylem vessels per
arm were found as a result of 15th October sowing date treatment compared with the two other
sowing dates. Furthermore, effect of the cooling treatments varied according to the recorded char-
acter, sowing date and cooling degree. Most of the vernalization treatments at early sowing dates
increased the mesophyll tissue, midrib, number of vascular bundles per transverse section, vascular
bundle thickness and number of xylem arms per transverse section.
The two studied cooling treatments at 15th October sowing date increased both stomatal index
and average number of stomata: average number of epidermis cells compared with the control. Fur-
thermore, 15th October under 20 C treatment led to small epidermal cells and stomata forma-
tion, straight epidermal cell walls and closed stomata in comparison to the control.
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lsevier1. Introduction
There is no doubt that the environmental conditions affect cell
division rates, growth patterns, blade anatomy, development
stages of plant, carbon and nitrogen resource acquisition,
endogenous plant hormones, protein, chlorophyll, relative leaf
water, leaf angle, morphology . . .etc. From these environmen-
tal factors; (a) CO2 level: Masle (2000) showed that elevated
CO2 levels in young wheat plants affect on meristem size, blade
growth, cell length and their expansion, duration of cell elon-
gation, mesophyll anatomy and intercellular air spaces. (b)
Sowing dates; Li et al. (2001) studied the effect of sowing dates
on wheat development stages and reported that the emergence
268 M.M. Sakr, O.A. Almaghrabiof tiller was regulated by the ecological factors. For winter
type variety (Jing 411), most variable growth duration during
the entire growth cycle occurred from tillering to jointing. In
addition, Justes et al. (2002) studied the effect of two sowing
dates in summer (12 July or 9 August) on alfalfa plant and
mentioned that delaying the sowing date for 1 month reduced
root growth and root nitrogen storage especially vegetative
storage protein. Moreover, Alam and Haider (2007) showed
that sowing barley cultivars in the ﬁrst and second week of
November resulted in higher chlorophyll and relative water
content compared to other times. But protein content was
higher in 11th December sowing. Moreover, Hassan et al.
(2008a) indicated that the highest values of plant height, num-
ber of leaves/plant, fresh and dry weight per plant, chlorophyll
a, b, a + b were shown at early sowing date (15th October)
than the other studied sowing dates (15th November and
15th December) in Beta vulgaris cv. Univers C-Vernalization:
Hopkins et al. (2008) studied that the response of Arabidopsis
thaliana plant to latitudinal patterns of environmental varia-
tion is predicted to result in climatic variation in leaf traits.
Moreover, this study tested for geographic differentiation
and plastic responses to vernalization in leaf angle and leaf
morphology in A. thaliana.
Ecotypes from lower latitudes had more erect leaves, as
predicated from functional arguments about selection to
maximize photosynthesis. Lower-latitude ecotypes also had
more elongated petioles as predicted by a mechanical con-
straint hypothesis. In addition, extended vernalization re-
sulted in shorter and more erect leaves as predicated by
functional and adaptive hypothesis. Furthermore, Hassan
et al. (2008a) studied the effect of vernalization treatments
on B. vulgaris cv. Univers leaf and found that all of the
used cooling treatments decreased auxin like-substances,
reducing sugars at 90 days from sowing and total phenols
at 90 and 120 days after planting in comparison with the
control. Concerning the stomata, the stomata are apertures
in the epidermis, each bounded by two guard cells; their
main function is to allow gases to move rapidly into and
out of the leaf. In green leaves, they occur either on both
surfaces (amphistomatic leaf) or on one only, either the
upper (epistomatic leaf) or more commonly the lower i.e.,
hypostomatic leaf. Metacalfe and Chalk (1979) recognized
more than 25 main types of stomata in dicots plants on
the basis of arrangement of the epidermal cells neighbouring
the guard cells. Moreover, Binns and Blunden (1980a) re-
corded paracytic and anomocytic types in Salix species. In
addition, Perveen et al. (2007) examined stomatal morphol-
ogy of 69 dicot species distributed in 64 genera and 28 fam-
ilies by light and scanning electron microscopy and observed
six types of stomata, anomocytic, paracytic, diacytic parallel-
ocytic and anisocytic. Furthermore, Belhadj et al. (2007) ob-
served actinocytic and anomocytic stomata in Pistacia
atiantica leaf epidermis.
The main purpose of this research is to study the effect of
sowing dates and cooling treatments of B. vulgaris cv. Univers
on leaf structure, epidermal cells and stomata.
2. Material and methods
Field experiment was carried out at the Experimental Farm of
Suez Canal University, Ismailia Governorate, Egypt. The fol-
lowing treatments were used:(a) Sowing on 15th October for seeds which cooled at 5 C
for 30 days.
(b) Sowing on 15th October for seeds which cooled at
20 C for 30 days.
(c) Sowing on the 15th November for seeds which cooled at
5 C for 30 days.
(d) Sowing on the 15th November for seeds which cooled at
20 C for 30 days.
(e) Sowing on 15th December for seeds which cooled at
5 C for 30 days.
(f) Sowing on 15th December for seeds which cooled at
20 C for 30 days.
In addition, the control treatments were used during 2008/
2009 growing season. The experiment was designed as ran-
domized split-plot arrangement with three replicates for nor-
mal type monogerm B. vulgaris L. cv. Univers. The seeds
obtained from Sugar Institute, Agricultural Research Center
Research Ministry of Agriculture, Giza, Egypt. Nitrogen,
phosphorous and potassium fertilization were incorporated
in soil at the rate of 60, 15 and 50 U/feddan, respectively.
The following parameters were calculated:
2.1. Anatomical structure of sixth leaf
For studying the transverse sections characters of the sixth leaf
to describe the different tissues. Killing and ﬁxation in 50%
F.A.A. solution, dehydration and clearing in pure parafﬁn
wax (M.P. 56 C) were carried out as described by Willey
(1971). Using a rotary microtome, sections (10 l) were ob-
tained and stained with safranin and light green then mounted
in Canada balsam. Sections were microscopically examined.
2.2. The lower leaf epidermis characters
For count of the average number of epidermal cells, stomata
and average number of stomata:
Average number of epidermal cells in unit area (5.37 mm),
description of stomata and epidermal cells size, epidermal cell
wall, stomata opening degree and stomata type; strips from the
leaf lower surface were made and cleared on the slides by
warming in lactic acid according to Boulos and Beakbane
(1971).3. Results and discussion
3.1. Leaf structure
Concerning the sowing dates, data in Table 1 and Fig. 1
pointed out that the highest values of most studied characters;
lower epidermis + sponge tissue thickness (1.10 mm) as in
Fig. 1A, mesophyll tissue thickness (1.57 mm) as in Fig. 1A,
midrib thickness (5.80 mm) as in (Fig. 1A) vascular bundle
thickness (0.94 mm) as in (Fig. 1A), thickness of collenchyma-
tous tissue between upper epidermis and phloem tissue
(0.63 mm) as in Fig. 1A, thickness of collenchymatous tissue
between lower epidermis and phloem tissue (0.44 mm) as in
Fig. 1A and number of xylem vessels per arm (4.13) were
found with 15th October sowing date as in Fig. 1A in compar-
ison with the two other sowing dates (0.56 and 0.56), (1.06 and
0.87), (4.20 and 4.15), (0.81 and 0.75), (0.31 and 0.44), (0.19
T
a
b
le
1
E
ff
ec
t
o
f
so
w
in
g
d
a
te
s
a
n
d
v
er
n
a
li
za
ti
o
n
tr
ea
tm
en
ts
o
n
si
x
th
le
a
f
st
ru
ct
u
re
o
f
B
et
a
vu
lg
a
ri
s
cv
.
U
n
iv
er
s
in
2
0
0
9
se
a
so
n
a
ft
er
1
3
0
d
a
y
s
fr
o
m
so
w
in
g
.
T
re
a
tm
en
ts
R
ec
o
rd
ed
d
a
ta
U
p
p
er
ep
id
er
m
is
+
p
a
li
sa
d
e
ti
ss
u
e
th
ic
k
n
es
s
(m
m
)
L
o
w
er
ep
id
er
m
is
+
sp
o
n
g
y
ti
ss
u
e
th
ic
k
n
es
s
(m
m
)
M
es
o
p
h
y
ll
ti
ss
u
e
th
ic
k
n
es
s
(m
m
)
M
id
ri
b
th
ic
k
n
es
s
(m
m
)
N
u
m
b
er
o
f
v
a
sc
u
la
r
b
u
n
d
le
s
p
er
tr
a
n
sv
er
se
se
ct
io
n
V
a
sc
u
la
r
b
u
n
d
le
th
ic
k
n
es
s
(m
m
)
T
h
ic
k
n
es
s
o
f
co
ll
en
ch
y
m
a
to
u
s
ti
ss
u
e
b
et
w
ee
n
u
p
p
er
ep
id
er
m
is
a
n
d
p
h
lo
em
ti
ss
u
e
(m
m
)
T
h
ic
k
n
es
s
o
f
co
ll
en
ch
y
m
a
to
u
s
ti
ss
u
e
b
et
w
ee
n
lo
w
er
ep
id
er
m
is
a
n
d
p
h
lo
em
ti
ss
u
e
(m
m
)
N
u
m
b
er
o
f
x
y
le
m
a
rm
s
/t
ra
n
sv
er
se
se
ct
io
n
N
u
m
b
er
o
f
x
y
le
m
v
es
se
ls
p
er
tr
a
n
sv
er
se
se
ct
io
n
N
u
m
b
er
o
f
x
y
le
m
v
es
se
ls
p
er
a
rm
1
5
O
ct
o
b
er
(c
o
n
tr
o
l)
0
.4
7
1
.1
0
1
.5
7
5
.8
0
4
.0
0
0
.9
4
0
.6
3
0
.4
4
8
.0
0
3
3
.0
4
.1
3
1
5
O
ct
o
b
er
u
n
d
er
5
C
0
.6
3
1
.3
0
1
.9
3
5
.9
0
5
.0
0
0
.9
2
0
.3
8
0
.3
1
8
.1
0
3
4
.0
3
.1
3
1
5
O
ct
o
b
er
u
n
d
er
2
0
C
0
.8
4
1
.2
0
1
.0
4
6
.5
0
1
1
.0
0
0
.9
2
0
.3
8
0
.3
1
9
.0
0
3
5
.0
3
.9
0
1
5
N
o
v
em
b
er
(c
o
n
tr
o
l)
0
.5
0
0
.5
6
1
.0
6
4
.2
0
3
.0
0
0
.8
1
0
.3
1
0
.1
9
1
0
.0
0
3
6
.0
3
.6
0
1
5
N
o
v
em
b
er
u
n
d
er
5
C
0
.4
7
0
.8
4
1
.3
1
6
.0
0
4
.0
0
1
.3
0
0
.5
1
0
.2
5
1
2
.0
0
3
7
.0
3
.1
0
1
5
N
o
v
em
b
er
u
n
d
er
2
0
C
0
.3
8
0
.8
1
1
.1
9
5
.2
0
4
.0
0
1
.1
0
0
.4
4
0
.2
5
1
1
.0
0
3
9
.0
3
.9
0
1
5
D
ec
em
b
er
(c
o
n
tr
o
l)
0
.3
1
0
.5
6
0
.8
7
4
.1
5
5
.0
0
0
.7
5
0
.4
4
0
.2
5
8
.0
0
1
4
.0
1
.8
0
1
5
D
ec
em
b
er
u
n
d
er
5
C
0
.2
2
0
.6
3
0
.8
5
3
.4
0
3
.0
0
0
.6
3
0
.3
1
0
.1
9
7
.0
0
1
9
.0
2
.4
0
1
5
D
ec
em
b
er
u
n
d
er
2
0
C
0
.2
8
0
.6
9
0
.9
7
3
.9
0
6
.0
0
0
.6
9
0
.3
1
0
.2
4
6
.0
0
1
5
.0
2
.3
0
Effect of sowing dates and vernalization on Beta vulgaris L. cv. Univers C-leaf structure 269and 0.25) and (3.60 and 1.80) as in Fig. 1 D and G for 15th
November and 15th December treatments, respectively. On
the other hand, upper epidermis + palisade tissue thickness
(0.50), number of xylem arms per transverse section (10.00)
and number of xylem vessels per transverse section (36.0) were
very high in their values (Fig. 1D) compared with the other
two sowing dates (0.47 and 0.31), (8.00 and 8.00) and
(33.00and 14.00) for 15 October and 15 December treatments
as in Fig. 1 A and G, respectively. On the same time, maximum
values for number of vascular bundles per transverse section
(5.00) was observed at 15 December treatment (Fig. 1G) com-
pared with the other two sowing dates (4.00 and 3.00) as in
Fig. 1 A and D for 15 October and 15 November treatments,
respectively. Furthermore, the lowest ones for the most studied
characters; upper epidermis + palisade tissue thickness (0.31),
mesophyll tissue thickness (0.87), midrib thickness (4.15), vas-
cular bundle thickness (0.75), number of xylem vessels per
transverse section (14.0) and number of xylem vessels per
arm (1.80) as in Fig. 1G were shown by 15 December treat-
ment compared with the other two sowing dates. These results
are in harmony with those reported by Hassan et al. (2008a)
who found that the highest values of the root B. vulgaris cv.
Univers (cortex, average rows number of cambium, cambium
regions and cambium cell thickness) were observed with 15
October treatment. Whereas, the lowest ones of the above
mentioned characters were noticed at the late sowing date
treatments. In general there was no report on the relationship
between the effect of different sowing dates and leaf anatomy.
But most of the studied different tissues in leaves and roots
(Hassan et al., 2008b) in B. vulgaris L. cv. Univers at 15 Octo-
ber treatment were more correlated with the increase in the
most studied growth characters, and chlorophyll a, b, ch.
a + b (Hassan et al., 2008a).
Regarding vernalization treatments, effect of cooling treat-
ments varied according to the recorded character, sowing date
and cooling degree. Most of the studied vernalization treat-
ments at 15 October and 15 November sowing dates increased
the mesophyll tissue, midrib, number of vascular bundles per
transverse section, vascular bundle thickness and number of
xylem arms per transverse section (Table 1 and Fig. 1 B, C,
E and F) in comparison the controls (Table 1 and Fig. 1A
and D). On the same time, all of the studied cooling treatments
at the three studied sowing dates increased lower epider-
mis + spongy tissue thickness (1.3 and 1.2), (0.84 and 0.81)
and (0.63 and 0.69) and number of xylem vessels per transverse
section (34.0 and 35.0), (37.0 and 39.0) and (19.0 and 15.0) as
in Fig. 1B, C, E, F, H and I compared with the controls (1.10,
0.56 and 0.56) and (33.0, 36.0 and 14.0) as in Fig. 1A, D and
G. On the other hand, the two cooling treatments (5 C and
20 C treatments) studied at 15 December sowing date de-
creased upper epidermis + palisade tissue thickness (0.22
and 0.28), midrib thickness (3.40 and 3.90), vascular bundle
thickness (0.63 and 0.69), thickness of collenchymatous tissue
between upper epidermis and phloem tissue (0.31 and 0.31),
thickness of collenchymatous tissue between lower epidermis
and phloem (0.19 and 0.24) and number of xylem arms per
transverse section (7.0. and 6.00) as in Fig. 1H and I compared
with the controls (0.31, 4.15, 0.75, 0.44, 0.25 and 8.00) as in
Fig. 1G. There were no reports on the relationship between
the effect of cooling treatments and leaf structure. Generally,
most of the studied cooling treatments under 15 December
date treatments decreased the most studied different tissue
Figure 1 Cross section of sixth leaves of Beta vulgaris cv. Univers (X 16). (A) 15 October control treatment. (B) 15 October under 5 C
treatment. (C) 15 October under 20 C treatment. (D) 15 November control treatment. (E) 15 November under 5 C treatment. (F) 15
November under 20 C treatment. (G) 15 December control treatment. (H) 15 December under 5 C treatment and (I) 15 December
under 20 C treatment.
270 M.M. Sakr, O.A. Almaghrabithickness of leaf. These results are in harmony with those ob-
tained by Hassan et al. (2008b) they found that the most cool-
ing treatments reduced the studied thickness of the different
tissues in B. vulgaris cv. Univers root. These results may reﬂect
the degradation in auxins, sugars and phenols of B. vulgaris cv.
Univers leaf (Hassan et al., 2008a) as a result of cooling
treatment. In addition, Dennis and Peacock (2009) on cereals,
Oliver et al. (2009) on cereals, Moller-Steinbach et al. (2010)
on A. thaliana (2010) and Kim et al. (2010) on A. thaliana
showed that vernalization affected gene regulation, active
chromatin state, histone modiﬁcation, life cycle of plant and
heterochromatin protein.
3.2. Lower leaf epidermis characters
Data presented in Table 2 and Fig. 2 show that average num-
ber of epidermal cells in unit area (132) as in Fig. 2C increased
as a result of 15 October sowing date 20 C treatment thanthe control (126) as in Fig. 2A, whereas 15 October date under
5 C treatment strongly decreased average number of epider-
mal cells in unit area (78) as in Fig. 2B than the control
(128) as in Fig. 2A. In addition, 15 October under 5 C and
15 October date under 20 C treatment increased both the
stomatal index (20 and 31), respectively, and average number
of stomata/average number of epidermal cells (0.26 and 0.23)
compared with the control (0.13). Moreover, 15 October date
under 20 C treatment led to small epidermal cells and sto-
mata formation, straight epidermal cell walls and closed sto-
mata (Table 2 and Fig. 2C) compared with the control
(Table 2 and Fig. 2A). Actinocytic and anisocytic stomata
were predominant on lower leaf epidermis of B. vulgaris cv.
Univers. There is no effect of any cooling treatments on sto-
mata type. These results are in harmony with those obtained
by Perveen et al. (2007) and Belhadj et al. (2007) who observed
anisocytic and actinocytic stomata in dicotyledons species leaf
epidermis.
Figure 2 Showing the lower epidermis characters of Beta vulgaris cv. Univers under different vernalization treatments (X 50). (A) 15
October control treatment. (B) 15 October under 5 C treatment. (C) 15 October under 20 C treatment
Table 2 Effect of vernalization treatments on lower leaf epidermis characters of Beta vulgaris cv. Univers in 2009 season after
130 days from sowing.
Recorded data
Treatments Average
number of
epidermal cells
in unit area
Average number
of stomata
in unit area
(stomatal index)
Average number
of stomata: Average
number of
epidermal cells
Size of
epidermal
cells
Size of
stomata
Epidermal
cell wall
description
Stomata
opening
degree
Stomata
type
15 October (control) 126 17 0.13 Normal Normal Undulated Open Actinocytic
and anisocytic
15 October under 5 C 78 20 0.26 Normal Normal Undulated Open Actinocytic
and anisocytic
15 October under 20 C 132 31 0.23 Small Small Straight Closed Actinocytic
and anisocytic
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